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SPECIFICATION 
FLUORESCENT LAMP, DISCHARGE LAMP AND LIQUID CRYSTAL 
BACKLIGHTING DEVICE WITH THESE LAMPS INCORPORATED 



TECHNICAL FIELD OF THE INVENTION 
This invention relates to a fluorescent lamp and a 
discharge lamp and more particularly to a fluorescent lamp 
that is suited for a light source for the backlighting 
liquid crystal displays that are used in various electronic 
devices such as personal computers, car-navigation 
displays, etc. 

BACKGROUND OF THE INVENTION 
A fluorescent lamp is used as a light source for the 
backlighting of liquid crystal displays to irradiate 
uniform light to liquid crystal panels from the back in 
liquid crystal displays that are used in, for instance, 
personal computers or car-navigation displays. 
Accompanied with demands for large-sized, thin and high 
performance display area of liquid crystal displays , stable 
and sufficient light intensity, uniform distribution of 
luminance in the axial direction of lamp tube in the wide 
temperature range from -40°C to 85° or under the control 
of light intensity from several % to 100%, are demanded 
for a fluorescent lamp itself as a light source for the 
backlighting jointly for small-sized luminance tube 
diameter and extended tube length. 
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However, because the light intensity of the 
conventional fluorescent lamp which contains mercury as 
discharge gas is insufficient at a low ambient temperature 
and mercury may cause the environmental pollution, the 
development of a fluorescent lamp without using mercury 
gas is demanded. 

A small discharge lamp or a fluorescent lamp using 
inert gas such as neon gas, krypton gas or xenon gas is 
disclosed in Japanese La id-Open Patent Publication ( Kokai ) 
No. 57-63756. Inthis discharge lamp, one of two electrodes 
is provided in a glass tube and the other electrode is 
provided outside the glass tube. One of the electrodes 
is provided which extends along an almost entire length 
of a glass tube and the other electrode is provided on the 
outer surface of the glass tube against the electrode 
provided in the glass tube. It was disclosed that this 
lamp is a small discharge lamp with diameter of 2 - 10 mm 
and 50 - 200 mm long, which is used as a luminous display 
for displaying characters, numerals or symbols, in which 
a single lamp or plurarity of lamps having a straight or 
curved tube is or are used. It is also disclosed that such 
lamps are used as an energy-saving pilot lamp or a beacon 
light . 

However, for the conventional discharge lamp or the 
fluorescent lamp in this structure, it is difficult to keep 
a uniform discharge distance from the inner electrode to 
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the outer electrode along the overall length of the inner 
electrode and as a result, such problems are caused that 
a partial discharge is produced and a stable pos it ive column 
cannot be formed on the entire length of a glass tube. In 
other words , since a slender fluorescent lamp using a glass 
tube of 1-6 - 10 mm in outer diameter and 100 - 500 mm in 
length, for example, is used for a backlighting source of 
a liquid crystal display, it is extremely difficult, in 
view of the manufacturing technology, to provide electrodes 
having a uniform discharge distance along the entire length 
of the glass tube. 

Further, in a liquid crystal display, a fluorescent 
lamp is often subject to influence of vibration depending 
on the using condition and the inner electrode is deformed 
locally. Therefore, it is difficult to maintain a discharge 
distance at always constantvalue . 

Furthermore, glass tubes having complicated shapes 
such as W or U-shaped tube may be often used for the 
backlighting sources in the liquid crystal displays. 
However, it is extremely difficult for the glass tube having 
such structure to form the electrodes having a uniform 
discharge distance between the inner electrode and the 
outer electrode along the entire length of them. 

Further, even if a glow discharge region is formed 
along the entire length of the discharge lamp or the 
fluorescent lamp having the structure described above, 
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there was a problem that electrons are actively emitted 
around an inner electrode and thus a diffused positive 
column is hardly formed therby resulting a phenomenon that 
generation of ultraviolet rays is suppressed , in particular 
when a discharge medium containing xenon is used as 
discharge gas. Accordingly, when this type of the 
electrode structure is used for a fluorescent lamp having 
a glass tube inner wall of which is coated with phosphor 
for generatining luminance excited by ultraviolet rays, 
sufficient brightness cannot be obtained. 

For the purpose of solving such problems involved in 
the conventional fluorescent lamps as described above, ths 
applicant of the present invention filed an application 
as PCT/JP00/06491 (International Filing Date: September 
22, 2000) for a fluorescent lamp comprising a glass tube 
both ends of which are sealed airtight and filled with a 
discharge medium; a phosphor layer formed on an inner 
surface of the glass tube; an inner electrode arranged at 
one end of the glass tube and being given a electric 
potential; and an outer electrode composed of a conductor 
spirally wound round the glass tube between the both ends 
along an axis the tube at a prescribed pitch and being given 
with another electric potential. 

It is an object of the present invention to provide 
a discharge lamp or a fluorescent lamp which are capable 
of stably emitting sufficient bright light for the entire 



4 



* 



length of a glass tube composing the discharge lamp by 
further improving the invention described above. 

It is a further object to provide a discharge lamp 
or a fluorescent lamp capable of stably emitting light in 
an uniform luminance distribution for the overall length 
of a glass tube composing the discharge lamp or the 
fluorescent lamp. 

SUMMARY OF THE INVENTION 

A fluorescent lamp according to the present invention 
comprises a glass tube having both ends sealed airtight 
and containing a discharge medium filled therein, a 
fluorescent layer formed on the inner wall of the glass 
tube, an inner electrode arranged at one end of the glass 
tube which is given with one electric potential, and an 
outer electrode composed of a linear conductor spirally 
wound around the glass tube between its both ends at a 
prescribed pitch along an axis of the tube and is given 
with another electric potential, the outer electrode is 
so designed as to satisfy the formula: 
w x n ^ 0 . 3 

where w(cm) is a width of the conductor comprising the outer 
electrode and n(turns/cm) is the average number of turns 
of the conductor in the unit length in the axial direction 
of the glass tube. 

Further, a fluorescent lamp according to the present 
invention comprises a glass tube with a phosphor film formed 
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on the inner surface thereof and with sealing portions 
so formed at each end thereof that a discharge medium is 
filled therein, a first feeding lead wire penetrating one 
of the sealing portions of the glass tube airtight, an inner 
electrode connected to an end of the feeding lead wire 
extending into the glass tube, a second feeding lead wire 
composed of a linear conductor which is spirally wound 
around an outer surface of the glass tube along an axial 
direction of the glass tube and an end of which is 
electrically connected to the second feeding lead wire, 
wherein the outer electrode is so designed that a winding 
pitch of the linear conductor becomes continuously or 
stepwisely small corresponding to a distance from the inner 
electrode in the axial direction of the glass tube. 

Further, a fluorescent lamp according to the present 
invention comprises a translucent tube with sealing 
portions formed at its both ends, a phosphor film formed 
on an inner surface of the translucent tube, a discharge 
medium containing rare gas filled in the translucent tube, 
a first feeding lead wire penetrating one of the sealing 
portions of the translucent tube and sealed therein 
airtight, an inner electrode provided at an end of the first 
feeding lead wire, and an outer electrode composed of a 
linear conductor which is spirally wound around the 
translucent tube for almost entire length of the tube in 
its axial direction and an end of which is connected to 
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the second feeding lead wire, wherein the outer electrode 
is provided with a tube power increasing means at a portion 
where a disturbed diffused positive column or a constricted 
positive column is generated in the translucent tube when 
the fluorescent lamp is operated. 

Further, in the fluorescent lamp according to the 
present invention, a winding pitch of the spirally wound 
linear conductor at the tube power increasing means is 
smaller than the winding pitch at the portion facing an 
adjacent diffused positive column. 

Further, the fluorescent lamp according to the present 
invention comprises a long and slender translucent airtight 
container, a phosphor film formed on an inner surface of 
the translucent container, an inner electrode provided in 
the translucent airtight container , a discharging medium 
primarily composed of rare gas filled in the translucent 
airtight container, and an outer electrode composed of a 
conductive coil which is substantially in contact with an 
outer surface of the translucent airtight container 
extending along its longitudinal direction apart from the 
inner electrode and which enables to generate discharge 
in the translucent container between the outer electrode 
and the inner electrode, wherein the outer electrode 
conta ines at least one point of inflection where the winding 
pitch of the coil change from a small value to a large 
value . 
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Further, a fluorescent lamp according to the present 
invention comprises a long and slender translucent airtight 
container, a phosphor film formed on the inner surface of 
the translucent container, a pair of inner electrodes 
sealed in the translucent container at both ends, a 
discharge medium primarily composed of rare gas filled in 
the translucent airtight container, and an outer electrode 
formed with a linear conductor coil which is wound around 
the outer surface of the translucent airtight container 
along a longitudinal direction of the translucent airtight 
container at a prescribed pitch and which generates the 
discharge between the outer electrode a nd the pair of inner 
electrodes , wherein a winding pitch of the outer electrode 
becomes minimum in a region P H facing a pair of constricted 
positive columns PCs generated in the translucent airtight 
container when the fluorescent lamp is in operation, 
becomes maximum at both ends in a region P V facing a diffused 
positive column PCd generated in the translucent airtight 
container, and decreases stepwisely from the both ends 
toward the central portion. 

Further, a discharge lamp according to the present 
invention comprises a translucent tube having sealing 
portions formed at its both ends and being filled with a 
discharge medium, an inner electrode which is arranged at 
one end of the translucent tube and is given with an electric 
potential, and an outer electrode which is composed of a 
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linear conductor which is spirally wound around the 
translucent tube between the both ends along an axis of 
the translucent tube at a prescribed pitch and is given 
with another potential, wherein the outer electrode is so 
designed as to satisfy the formula: 

w x n ^ 0.3 

where w(cm) is the width of the linear conductor forming 
the outer electrode and n ( times /cm ) is the average number 
of turns of windings per unit length in the axial direction 
of the translucent tube. 

Further, a discharge lamp according to the present 
invention comprises a long and slender translucent tube 
having sealing portions formed at both ends so as to fill 
with a discharge medium within the translucent tube, a first 
feeding lead wire penetrating airtight one of the sealing 
portions of the translucent tube, an inner electrode 
connected to the end of the feeding lead wire at a portion 
extended into the translucent tube, and an outer electrode 
composed of a linear conductor which is spirally wound 
around the outer surface of the glass tube in the axial 
direction of the tube and an end of which is electrically 
connected to a second feeding lead wire, wherein the outer 
electrode is so designed that a winding pitch of the linear 
conductor becomes small continuously or stepweisely in an 
axial direction of the translucent tube corresponding to 
a distance from the inner electrode. 
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Further, a discharge lamp according to the present 
invention comprises a translucent tube having sealing 
portions formed at its both ends, a discharge medium 
including rare gas filled in the translucent tube, a first 
feeding lead wire sealed penetrating airtight one of the 
sealing portions of the translucent tube, an inner 
electrode provided at an end of the first feeding lead wire, 
and an outer electrode composed of a linear conductor which 
is spirally wound around the translucent tube for almost 
entire length in an axial direction of the tube and an end 
of which is connected to a second feeding lead wire, wherein 
the outer electrode is provided with a tube power increasing 
means a ta portion facing a disturbed diffused positive 
column or a constricted positive column generated in the 
translucent tube when the discharge lamp is in operation. 

Further, a liquid crystal backlighting device 
according to the present invention comprises a main body 
of the liquid crystal backlighting, a fluorescent lamp 
arranged in the main body and a lighting circuit to operate 
the fluorescent lamp. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a side view of a fluorescent lamp showing 

a first embodiment according to the present invention; 
FIG. 2 is a diagram showing a vertical sectional view 

of the fluorescent lamp shown in FIG. 1 and showing a 
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structure with a lighting circuit; 

FIG. 3 is an enlarged side view of the fluorescent 
lamp shown in FIG. 1; 

FIG. 4 is a graph showing a relation between a w x 
n value and a lowest tube voltage Vrms of an outer electrode 
16 in the fluorescent lamp according to the present 
invention ; 

FIG. 5 is a graph showing a relation between a w x 
n value and a tube wall temperature T of an outer electrode 
in the fluorescent lamp according to the present invention; 

FIG. 6 is a vertical sectional view showing the 
fluorescent lamp in a second embodiment according to the 
present invention; 

FIG. 7 is a graph showing a luminance intensity 
distribution in an axial direction of the fluorescent lamp 
shown in FIG. 6 by comparing with that of the fluorescent 
lamp shown in FIG. 1; 

FIG. 8 is a side view showing the fluorescent lamp 
in a third embodiment according to the present invention; 

FIG. 9 is a vertical sectional view showing the 
fluorescent lamp in the third embodiment according to the 
present invention; 

FIG . 10 is a sectional diagram showing a constricted 
positive column and a diffused positive column generated 
when the fluorescent lamp according to the present 
invention described is turned on and a graph showing a 
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distribution of winding pitches and luminance in a 
longitudinal direction of a discharge lamp; 

FIG. 11 is a diagram showing a fourth embodiment 
according to the present invention, wherein (a) in FIG. 
11 is a vertical sectional view of the fluorescent lamp 
and (b) is a graph showing the distribution of the winding 
pitches of the outer electrode; 

FIG. 12 is a sectional view of essential portions 
showing an embodiment according to the present invention 
applied to a liquid crystal display backlighting device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Preferred embodiments according to the present 
invention will be described below in detail referring to 
the drawings. 

FIG. 1 is a side view showing a structure of a 
fluorescent lamp according to the present invention and 
FIG. 2 is a vertical sectional view showing the fluorescent 
lamp including a lighting circuit. 

As shown in these diagrams, the fluorescent lamp 
according to the present invention has a glass tube 11 which 
functions as a luminous tube. The glass tube 11 are sealed 
airtight at both sides where sealing portions 12a, 12b are 
formed. A phosphor film 13 is formed on an inner surface 
of the glass tube 11. 
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Here, the glass tube 11 has an outer diameter of 1.6 
- 10 mm and a length of 50 - 500 mm. An airtight inner space 
of the glass tube 11 is filled with a discharge medium, 
for example, such a rare gas as xenon gas or a mixed rare 
gas of xenon gas as a main component with other one or 
plurarity of rare gases. 

A first feeding lead wire 14a is provided at the sealed 
portion 12a of the glass tube 11, wherein the wire 14a 
penetrates the portion into the inside the tube and is sealed 
airtight. A cylindrical inner electrode 15 is provided at 
an end of the lead wire that is extended to the inside of 
an airtight space. The inner electrode 15 has a cylindrical 
body of about 2 . 0 mm inner diameter and of about 4 . 0 mm 
long with a bottom provided at one end . The inner electrode 
15 is made, for example, of an Ni plate. Further, in order 
to lower a tube voltage, it is possible to provide an electron 
emission material on an inner and outer surfaces of the 
inner electrode. The electron emission material referred 
to here is a material that is used for a cold cathode 
fluorescent lamp and is made of primarily, for example, 
alkaline earth metal of barium oxide and boric matterials 
of rare earth elements such as boric lanthanum. However, 
the body of the inner electrode 15 may be formed in a column, 
flat or in a V-shape using Ni or Ni metal such as Ni alloy. 
When forming it in the cylindrical or in the column shape, 
it is desirable to form it in the structure of a truncated 
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cone or a cone of which end surface diameter opposite to 
the discharge space is reduced. Further, the size of the 
inner electrode is generally designed to be 0.6 - 8.0 mm 
in the outside diameter and 2 - 10 mm in its length. 

Next, the first feeding lead wire 14a is a linear or 
bar shaped wire made of kovar or tungsten having a diameter 
of about 0.4 mm. One end of the lead wire is connected 
to the cylindrical bottom surface of the inner electrode 
by welding or caulking and the other end is led out of the 
sealed portion 12a of the glass tube 11. 

Further, on the outer surface of the glass tube 11, 
there is provided an outer electrode 16 made of a conductor 
of a Ni wire having a diameter of about 0 . 1 mm which is 
wouned spirally along the entire length in an axial 
direction (not shown) of the tube. This outer electrode 
16 may be formed with an Ni or Cu wire of 0.05 - 0.5 mm 
in diameter. 

The outer surface of the outer electrode 16 thus 
constructed is covered by a resin film layer 17 such as, 
for instance, a translucent heat shrinking tube which 
fixes the electrode so that the pitch of the electrode does 
not change in the axial direction. For the resin film layer 
17, tubes or films made of heat shrinking polyethylene 
terephthalate resin , polyimide resin or fluorine contained 
resin having moderate heat resistance are desirable. 
Since the outer surface of the outer electrode 16 is covered 
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and fixed with the heat shrinking resin film layer 17 , its 
pitch can be kept always at a prescribed value, thereby 
uniform light being emitted along the axial direction of 
the tube and a high light output being obtained. That is, 
in the fluorescent lamp according to the present invention 
having a structure described above, the outer electrode 
16 is wound spirally around the outer surface of the glass 
tube 11 at a prescribed pitch- This winding pitch affects 
the luminance distribution and the magnitude of a light 
output along the axial direction of the tube. Therefore, 
the outer surface of the glass tube wound with the outer 
electrode 16 is covered with the translucent resin film 
layer 17 so that the outer electrode 17 is insulated and 
protected, and that the spiral winding is closely fixed 
to the outer surface of the tube 11. 

Next, the other sealing portion 12b of the glass tube 
11 is provided with a second feeding lead wire 14b, one 
end of which is buried therein and the other end of which 
is led of the glass tube 11. This lead wire 14b should 
be kept away from contacting a discharge medium . The second 
feeding lead wire 14b is a wire rod made of, for instance, 
an Ni wire, a kovar wire or dumet wire having an outer 
diameter of 0.1 - 2.0 mm. It may be made of a ribbon shaped 
foil or a thin plate of Ni or Mo. The second feeding lead 
wire 14b can be buried in the sealing portion 12b in a method 
of making a bead stem by covering a surface of the second 
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feeding lead wire 14b with a glass insulating layer, placing 
the stem in the end of the glass tube 11, and sealing the 
glass tube 1 1 by heating with a burner. It may be also buried 
by a method of inserting one end of the second feeding lead 
wire 14b into one end of the glass tube 11 before sealing 
and then, burying it by heating the end of the glass tube 
with a burner . 

Around a portion of the second feeding lead wire 14b led 
to the outside of the glass tube 11, an end portion of the 
outer electrode 16 is wound for being connected and fixed 
to the lead wire 14b by an electric welding, soldering or 
caulking - 

Next, a prescribed high frequency pulse voltage, for 
instance, having a frequency of 20 - 100 kHz and a pulse 
voltage of 1-6 kV is applied to the inner electrode 15 
and the outer electrode 16 from a lighting power source 
18 including an inverter via the first and second feeding 
lead wires 14a, 114b, power feed lines 18a, 18b and a 
capacitor 19, respectively. As a result, the discharge 
starts between the inner electrode 15 provided near the 
end of the glass tube 11 and the outer electrode 16 provided 
on the outer surface of the glass tube 11, wherein 
ultraviolet rays are radiated in the glass tube 11. The 
ultraviolet rays thus radiated excite a phosphor film 13 
on the inner surface of the glass tube 11, and is converted 
into visible rays which are radiated to the outside of the 



16 



glass tube 11. The glass tube 1 1 , thus , functions as a 
fluorescent lamp. Here , the outer electrode 1 6 is normally 
grounded during the lighting operation, in order to reduce 
generation of a noise and a leak current to the outside 
of the tube. 

in the fluorescent lamp thus constructed, it was 
revealed that the operating state of the fluorescent lamp 
is affected by the structure of the outer electrode 16 as 
described below. That is, when the length of the outer 
electrode installed in the axial direction is L (cm), the 
width of the conductor is w (cm) and the number of average 
turns per unit length of the conductor in the axial direction 
of the glass tube is n as shown in FIG. 3, the value of 
w x n has a relationship with a minimum tube voltage Vrms 
at which the luminance of the fluorescent lamp spread over 
the whole region along the axial direction of the tube or 
a tube wall temperature T as shown in FIG. 4 and FIG. 5, 

respectively . 

Here, the conductor width W is a width of a shadow 
of the conductor projected on the outer surface of the glass 
tube in parallel lights from the nominal direction of the 
contact plane to the outer surface of the glass tube at 
the portion where the conductor is wound. Further, the 
number of average turns n(times/cm) of the conductorcan 
be calculated from a formula 

n = N/L 
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where N( times) is a total turns of the outer electrode and 
L(cm) is a length of the portion of the outer surface of 
the glass tube where the outer electrode is wound. 

Namely , y-axis in FIG . 4 shows the minimum tube voltage 
vrms required for emitting lights throughout a region (a 
discharge chamber) along the glass tube 11. The voltage 
vrms has a constant value of about 900 Volts as seen from 
FIG . 4 . The reason for requiring such relatively high value 
of the minimum tube voltage is considered to be reduced 
to the fact that a total electrostatic capacity between 
the outer electrode 16 and the inner surface of the glass 
tube 11 is relatively smaller than that of, for example, 
a plate shaped electrode due to the structure of the coil 
shaped outer electrode 16 and, thus, an impedance of the 
whole fluorescent lamp becomes high. 

On the contrary, y-axis in FIG. 5 shows the tube wall 
temperature T°C near the inner electrode 15 while the 
fluorescent lamp is turned on at the minimum tube voltage, 
which rises in proportion to the value of w x n. From FIG. 
5 , it is understood that the tube wall temperature T exceeds 
150°C when the value of wxn exceeds 0.3. The reason for 
the rise of the tube wall temperature is considered because 
the total electrostatic capacity between the outer 
electrode 16 and the inner wall surface of the glass tube 
11 increases when a value of wxn increases and thus, the 
impedance of the whole fluorescent lamp becomes low. As 
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a result, discharge current between the outer electrode 
16 and the inner electrode 15 increases. Therefore, it 
is possible to control the temperature rise within a 
prescribed range by selecting the value of wxn to a 
prescribed value under such an use environment that the 
temperature rise becomes a special problem. 

For example, when a fluorescent lamp is used as a power 
source of a backlight for a liquid crystal display, it is 
necessary to control the tube temperature so as not to exceed 
a heat resisting temperature ( 150°C ) of structural elements , 
especially a light conducting plate, used near the 
backlight. in FIG. 5, the value of wxn is 0.3 when the 
tube wall temperature T becomes 150°C and it is therefore 
possible to execute stable discharge and luminance 
operation while maintaining the tube wall temperature 
constantly below 150°C with the design of the lamp 
satisfying the formula of w x n ^ 0.3. 

Further, since the lower limit value of the wxn is 
0.01 according to the graph shown in FIG . 5 , it is therefore 
desirable to keep the value of wxn within a range of 0.01 
- 0.3. 

Thus, it was confirmed that rise of the tube wall 
temperature can be suppressed and that stable lighting and 
a uniform luminance distribution are easily secured even 
when a relatively high voltage is applied between the outer 
electrode 16 and the inner electrodes 15, such voltage 
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being required for the luminance in all area along the axial 
direction of the glass tube. 

FIG. 6 is a side view of a fluorescent lamp showing 
a second embodiment of the present invention. In FIG. 6, 
the same or similar component elements as those of the 
fluorescent lamp shown in FIG. 1 are assigned with the same 
reference numerals for avoiding a duplicated explanation , 
and different portions will be explained below. 

In the fluorescent lamp according to the embodiment, 
the winding pitch of an outer electrode 26 changes along 
the axis of the glass tube. That is, the winding pitch 
of the outer electrode 26 is narrowed successively 
according to a distance along the tube axis from the inner 
electrode 15. It is confirmed that the distribution of 
luminance intensity in the axial direction of the tube while 
a luminance lamp is turned on becomes nearly uniform with 
the outer electrode 26 described above. 

Curve A in FIG. 7 shows the distribution of luminance 
intensity (relative value) in the axial direction of the 
tube while the fluorescent lamp is turned on . It is confirmed 
that the almost uniform luminous intensity is presented 
over the entire length of the fluorescent lamp. For a 
comparison purpose, the similar measuring result is shown 
by the curve a obtained with the fluorescent lamp in the 
first embodiment, in which the outer electrode having the 
winding with the uniform pitch as shown in FIG. 1 is used. 
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Although, in the second embodiment, the winding pitch 
of the outer electrode 26 was decresed continuously 
according to the distance from the inner electrode 15 along 
the axis of the glass tube, the pitch is not necessarily 
changed continuous but may be changed in stepwise. Here, 
the stepwise change of the winding pitch is obtained with 
such various means described below. That is, the portion 
of the outer surface of the glass tube around which the 
conductor is wound is divided into more than 2 sections 
with respect to the axial direction of the glass tube, 
wherein 

(a) a conductor is wound at a uniform pitch for each 
section and the winding pitch in each section changes 
gradually as the section is away from the inner electrode; 

(b) the winding pitch in each section changes 
continuously within a range which is defined by an upper 
and a lower limit at both ends of each section and a mean 
winding pitch per unit length in each section changes 
optionally with respect to a distance from the inner 
electrode ; 

(c) the winding pitch in each section is kept constant 
or changes gradualy and it changes rapidly at a boundary 
portion between an adjacent section; or 

(d) more than two of the above (a), (b) and (c) are 
combined . 

Thus, an almost uniform or desired luminous intensity 
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distribution characteristic is obtained along the tube axis 
when the winding pitch is made narrow as the section departs 
from the inner electrode 15. 

Since the fluorescent lamp according to the first and 
second embodiments are of barrier discharge type through 
the wall of the glass tube with the required voltage applied 
between the outer and inner electrodes , a similar operation 
and results are recognized even in such a structure that 
an inner electrode is provided at both ends of the glass 
tube and voltage is applied between the outer and inner 
electrodes using more than one power source. Further, a 
similar operation and results are obtained even when the 
structures described are applied to a fluorescent lamp of 
an aperture structure, with a phosphor film formed on the 
inner surface of the glass tube partially removed in a strip 
shape along the axis of the tube. 

FIG. 8 is a side view of a fluorescent lamp showing 
a third embodiment according to the present invention and 
FIG. 9 is its vertical sectional view of the fluorescent 
lamp shown in FIG. 8. In the figures, the same or similar 
component elements as those of the fluorescent lamp shown 
in FIG. 1 are assigned with the same reference numerals 
therby avoiding the duplicated explanation and different 
elements from those in FIG. 1 will be described below. 

In the fluorescent lamp according to the present 
embodiment , a winding pitch of an outer electrode 3 6 changes 
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in three steps along the axis of the glass tube 11. That 
is, the winding pitch of the outer electrode 36 is small 
and becomes dense in a region starting from the end of the 
the glass tube 11 where the inner electrode 15 is provided 
to portion facing a constricted positive column PCs 
generated when the fluorescent lamp is turned on. The 
winding pitch in a region P V facing a diffused positive 
column PCd appeared adjacent to the constricted positive 
columns PCs is large and coarse at the end of the the glass 
tube 11 where the inner electrode 15 is provided but changes 
in such manner that it decreases in stepwise according to 
a distance from the inner electrode 15. As a result, a 
point of inflection I is formed at the boundary between 
the region P H facing the constricted positive column PCs 
and the region P V facing the diffused positive column PCd. 

Further, a region P A is a region starting from the end 
of the the glass tube 11 where the inner electrode 15 is 
provided to a portion facing the inner electrode 15 , wherein 
the winding pitch of the outer electrode 36 is as small 
as that in the region pH. 

FIG. 10 is a sectional view of a fluorescent lamp 
according to the present invention showing the constricted 
positive column and the diffused positive column generated 
at the time when the fluorescent lamp is turned on with 
graphs showing distributions of winding pitches of the 
outer electrode and of luminance in the longitudinal 
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direction of a discharge lamp. That is, (a) is a sectional 
view showing an operating state of the fluorescent lamp. 
FIG. 10 (b) - (f) are graphs showing examples of winding 
pitch distribution of the outer electrode. FIG. 10 (g) is 
a graph showing the luminance distribution in the axial 
direction of the fluorescent lamp. 

in FIG. 10(b) - (f), a x-axis shows a position x(mm) 
in the axial direction of the lamp tube and a y-axis shows 
a winding pitch n(X)(mm) of the outer electrode. 

The example shown in FIG. 10(b) shows the winding pitch 
in the third embodiment shown in FIG. 9 and FIG. 10. That 
is , the winding pitch in the region P H facing the constricted 
positive column PCs is smaller than the winding pitch in 
the region P V facing the diffused positive column PCd. 
Hereinafter, this portion of the outer electrode 36 is 
called as a tube power increasing means 37 . In the region 
P V facing the diffused positive column PCd, the winding 
pitch in the portion adjacent to the region P H is larger 
and coaser than that in the region pH but it becomes smaller 
in four steps according to a distance aparting from the 
inner electrode 15. Further, the winding pitch in the 
region pA facing the inner electrode 15 is the same as that 

in the region pH . 

The example of the winding pitch shown in FIG. 10(c) 
is small as a whole in the region pH and provides the tube 
power increasing means 37 . However, the winding pitch at 
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the end adjacent to the region pA is slightly larger than 
that in the region pA and is increasing stepwisely toward 
an end adjacent to the region pV side, thereby being 
connected to the maximum point of the region pV which forms 
the point of inflection I. Further, the winding pitch in 
the region pV facing the diffused positive column PCd also 
varies similar to that shown in FIG. 10(b) except that it 
varies in 5 steps differing from that in (b). 

In the example of the winding pitch shown in FIG. 10(d), 
the winding pitch at the end of the region pH close to the 
inner electrode 15 is large. It varies, however, from a 
small value to a large value stepwisely at the remaining 
portion of the region pH which forms the tube power 
increasing means 37 . It is then connected to a maximum point 
in a portion adjacent to the region pH . In the region pA 
facing the inner electrode 15d, the winding pitch is the 
same as that at the end of the region pH . This is because 
the luminance is scarcely changed by the winding pitch of 
the outer electrode 36 in the region close to the inner 
electrode 15 even in the region pH as in the region pA. 
Therefore, it is possible to make the winding pitch large. 

In the example of the winding pitch shown in FIG. 10(e) , 
the region pH provides the tube power increasing means 37 
as a whole. In the region pH , the winding pitch is minimum 
at the end close to the inner electrode 15 and reaches a 
maximum point at the end close to the region pV . It connects 
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to the region P H while varying from the minimum value to 
the maximum value stepwisely and forms the point of 
inflection I at the end close to the region pV . The winding 
pitch in the region P A is the same as that of the end adjacent 

to the region pH . 

The example of the winding pitch shown in FIG. 10(f) 
is similar to that shown in FIG . 1 9 ( e ) as a whole but differs 
in that the winding pitch varies continuously. 

The luminance distribution shown in FIG. 10(g) is 
obtained by the winding pitch example shown in FIG. 10(b) . 
in this figure, a x-axis shows a position X(mm) in the axial 
direction of the lamp and a y-axis shows a relative luminance 
<%). From this diagram, it is seen that the luminance 
distribution is substantially uniform in the entire axial 
direction of the glass tube 11 ranging from the region pH 
facing the constricted positive column PCs to the region 
pV facing the diffused positive column PCd. 

That is, in the fluorescent lamp, it was recognized 
that the constricted positive column is generated near the 
inner electrode 15 when the lamp is turned on as shown in 
FIG . 1 0 ( a ) and that the luminance of the lamp at this portion 
drops lower than the portion wherein the diffused positive 
column is generated. However, according to the present 
invention, a substantially uniform luminance distribution 
with a high luminance was obtained by the tube power 
increasing means provided as described above. 
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According to the third embodiment of the present 
invention as described above, it is possible to increase 
the luminance of the portions where a disturbed diffused 
positive column or the constricted positive column is 
generated when the fluorescent lamp is turned on to 
substantially the same level as the level of the luminance 
in the adjacent diffused positive column by providing the 
lamp with the tube power increasing means 37 in which the 
winding pitch of the outer electrode 36 is made small at 
the above portions thereby increasing the tube power 
applied thereto. Accordingly, it is possible to obtain 
a fluorescent lamp which emits light stably by the uniform 
luminance distribution along the axial direction of the 
tube . 

FIG. 11 is a diagram showing a fourth embodiment 
according to the present invention. In this figure, (a) 
is a vertical sectional view of the fluorescent lamp and 
(b) is a graph showing the distribution of the winding pitch 
of the outer electrode. In FIG. 11 (a), the same or 
corresponding portions as those shown in FIG. 10(a) are 
assigned with the same reference numerals and the detailed 
explanations are omitted. Further, a x-axis and a y-axis 
in the graph shown in FIG. 11(b) are the same as those shown 

in FIG. 10(b)~(f ) . 

In this embodiment, a pair of inner electrodes 15, 
15' are sealed at both ends of the glass tube 11. Further, 
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a pair of constricted positive columns PCs are generated 
when the fluorescent lamp is turned on. The winding pitch 
of the outer electrode 46 in the region pH facing the 
constricted positive columns PCs in the vicinity of the 
both ends are made minimum, which formes a pair of tube 
power increasing means 47, 47'- The winding pitch is 
largest at both ends of the region pV facing the diffused 
positive column PCd which are close to the inner electrodes 
15, 15 'and in the region pA facing the inner electrodes 
15 , 15 ' . Then, the winding pitch decreases stepwisely from 
both ends to the central portion of the tube. Thus, in 
this embodiment, a pair of tube power increasing means 47, 
47' are formed at both ends of the outer electrode. 

In the fourth embodiment of the present invention 
described above, as in the third embodiment, whith the tube 
power increasing means 47, 47 ' being formed on the outer 
electrode 46 and the tube power applied to these portions 
being increased, a fluorescent lamp is obtained in which 
it is possible to raise the luminance of these portions 
to substantially the same level as the luminance of the 
diffused positive column portion which lies in the center 
portion of the tube and in which it is possible to emit 
light stably with the uniform luminance distribution along 
the axial direction of the tube. 

Further, in the embodiment according to the present 
invention, power is supplied to the outer electrode 46 from 
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the lighting power source (18 in FIG. 2 and FIG. 9) by 
connecting a feed line directly to the outer electrode 46. 

Likewise, in other embodiments than this embodiment, 
a feed line from the light power source may be connected 
directly to the outer electrode without connecting to the 
econd feeding lead wire 14b one end of which is buried 
the sealed portion 12b of the glass tube 11. 
FIG. 12 is a sectional view showing an essential part 
of a backlighting device for the liquid crystal display 
of other embodiment according to the present invention. 

in FIG. 12, the same component elements as those shown 
in FIG. 1 are assigned with the same reference numerals 
and the detailed explanations are omitted . A backlighting 
device 51 is composed of a light conductor 52, a 
trough-shaped reflector 53, a back reflector 54, a 
diffusing plate 55 and a condensing plate 56 which are 
housed in a case (not shown) as a whole. The trough-shaped 
reflector 53 is provided on the side of the backlighting 
device 51 and contains a fluorescent lamp 57 according to 
the present invention. An additional set of the 
trough-shaped reflector 53 and the fluorescent lamp 57 may 
be provided at the opposite side of the backlighting device 
51. A liquid crystal display 58 is provided on a front 
panel of the backlighting device 51. This liquid crystal 
display 58 is illuminated from its back by the backlighting 
device 51 providing a light transmission type liquid 
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crystal display. 

The light conductor 52 of the backlighting device 51 
is composed of a transparent body such as transparent 
acrylic resins having a high refractive index. The 
trough-shaped reflector 53 reflects the light radiated from 
the fluorescent lamp 57 leading it into the light conductor 
52 and shades the light of the fluorescent lamp from leakage . 
The back reflector 54 reflects the light emitted from the 
back of the light conductor 52 and emits from the front 
panel of the light conductor 52. Further, the reflective 
index of the back reflector 54 can be partially controlled 
so that the light is transmitted as uniform as possible 
from the entire surface . The diffusion plate 55 is provided 
on the front panel of the light conductor 52 for diffusing 
the light emitted forward from the light conductor 52 and 
for distributing the luminance as uniform as possible. The 
condensing plate 56 condenses the light emitted from the 
diffusion plate 55 and increases incident efficiency to 
the liquid crystal display 56. 

The fluorescent lamp 57 and a lighting circuit (not 
illustrated) have a same structure as those shown in FIG. 
1, FIG. 6, FIG. 8 or FIG. 11. 

The present invention has been described above in 
various embodiments. However, this invention is not 
restricted to the above-mentioned embodiments but can be 
modified variously within the scope of the invention 



30 



described in the claims. 

For example, in the above embodiments , the fluorescent 
lamp is described as being suitable for the liquid crystal 
display backlighting device. However, the fluorescent 
lamp of this invention is applicable not only to liquid 
crystal displays but also to copying machines and other 
uses . 

Further, in the above embodiments, this invention is 
described regarding a fluorescent lamp but is applicable 
to various kinds of discharge lamps. 

Further, in the above embodiments, a glass tube is 
used as an airtight container comprising a fluorescent lamp 
but, needless to say, it is possible to use transparent 
containers made of other materials including quartz. 

Further, in the above embodiments , the outer electrode 
is formed with a thin conductor wound round a glass tube. 
However, the outer electrode may be formed using such a 
technology as the evaporation or spattering of a linear 
or striped conductor around a glass tube. 
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